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Tfte Mie of m« fcvesikw has been amended #&&Se8r»s far Buseimtkwt ks Iks EPS, A-Ki, 7.3.1 
@ Bioepecifie w«Riaf)»!yt« assay method with, Ssixeited mi<a 

In a btepssiftc i;>ti:tis;is!yi« assay ss?s uss of rc* 
xTv,; $Hior*$c$nt ;ac>e!s w;;r: $yfc$tant:s% ditfsrsfli & 
decay mm, is co«ifc:RS<i. Ths assay is sssicrfssd m s 
suspension of njfca&sphafss &t the fcrm of & pool of mmeiA 

i r' t c" if 

1 3 J , ^ j 

e&tsgortes are first coated a spssiiis reactsnt. i.s, Jh« 
mserospteites fcnotson ss a sow euppe.-t fc> the reacts arcs 
ior a cicssssme reacts. Fiuorescwt isseis having a short 
decay time used to kte% the satsg«sy sscS; SrxBv-icfuaS 
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Descriptors 

Siespeeiffc moitianslyte 

The invention relates to a olospecfftc muifianstyte 
assay method. 

immunoassays am a wail established group or s 
biospecitic assays and row widely used in rooting 
diagnostics and research laboratories. Another 
group of biospecitic assays, stiti being developed, is 
DNA hybridisation assays.. Siospeciftc assays gatjsr- 
a;iy employ one or severs; &ospeoffsc reaelants (e.g. » 
antibody, DNA probe) and normally one of these 
reaotants is labelled, the labels currently used are 
radioisotopic, emymaiic, fuminescent ami fluores- 
ce::! labels. 

in routine diagnostics there is a growing nee-d for JS 
muitfsnaiyie {multiparameter) analysis. Unfortu- 
nately, the present methodology does not allow the 
use of mom than two or three simultaneous labels 
because th« spectroroetric separetion of the signals 
from different labels is not sufficiently efficient. The 38 
emission spectra of different radioisotopic labels 
and fluorometrfc labels havo a significant cvertep- 
ping and consequently they provide inadequate 
separation of different anafyies over 3 required 




categories comprising different amounts of a fluo- 
rescent substance having & short decay 1ime ( 
coating each category of microspheres with a 
bio specific reactsnt, 



pooling the different categories of microspheres 
together in a suspension, 
adding a sample containing anafyies jo be assayed 
to the suspension, 

adding a mixture o? bicspeciflo reaotants labelled 
with a fluorescent compound having 3 long decay 40 
time to the suspension to initiate feiospeciifc reac- 
tions between the analyses and the fsb-alled reao- 
tants and mierosphero-associated reacts, 
diluting the suspension to reduce the concentration 
of labelled resctants not fecund to the microspheres, 48 
exciting both the fluorescent substance having a 
short decay time end the fluorescent compound 
having a ions decay time, associated with the 
microsphere's., to generate fluorescence emissions, 
convening the fluorescence emissions to eiectrlcat *;> 
signals, identifying the category of each micro* 
sphere on the taa&i;; of the strength of the electrics! 
signal resulting from the short decay time fsuores- 
oenf substance, 

measuring the concentration of the analyte an each $$ 
microsphere on the basis of the strength ot the 
eieciricat signal resulting from the long decay time 
fluorescent compound. 

The invention will be described mora In detail with 
reference to she accompanying drawings on which m 
Fig, 1 sehemaitcai^ shows an embodiment of 
an apparatus for carrying the method according 
to the invention inte effem s and 



2 



ty method 

Fi g, 2. shows excitation and emission spectra. 

The mventlon combines the use of micro- 
spheres and fluorescent labels with substan- 
tially different fluorescence decay times. The 
multianaiyie assay Is performed In a suspension 
or artiticisity manufacturer; microspheres, com- 
prising a poo! of different microspheres- repre- 
senting different anslytas, hare ceiled ca- 
tegories. Each category of microspheres is first 
coated mlh a specific reacisnt (antibody}, 1,8, 
the microspheres function ss solid supports for 
said specific reacisnt and for the biospeciflc 
reaction. This invention is part«c«l&rfy related to 
a new mieroiiuerometrie methodology combin- 
ing short decay time and long decay time 
fluorescent labels whore short decay time 
labels are used for identification of the category 
of each InOividuai microsphere representing 
different anaivtes and the long decay time labels 
are used for detecting the concentration of She 
particular anaiyts on the microsphere by means 
of a biospecif ic reaction. 

tvtonositred microspheres can he made of 
appropriate polymer material with slight hydro- 
phiiic character and therefore are well suited for 
water suspensions. The microsphere surface 
properties aiiow also binding of maoromole* 
cuios by physical adsorption as well as by 
eovslent coupling through activation of OH* 
groups at the smiace {L, Johansen & af,, 
Oourna! of immunofogscstl Methods, 59 (1863} 
pp. 2SS-i3S4}. m this invention the sample 
inciodtng all different ariaiyies is f'Mrst incubated 
with a pool of microspheres and Witt's a pool of 
labelled reactants in smaiiatst possible volume 
(for example 10 - 100 ui) in order to achieve a 
compete reaction in a sixsrt time. Because of 
ihe very smai! average distance between the 
anafyte mclscuies and iabeiiad reactartts In 
rfilcrosphore suspension, the oqoilibrium of the 
itmsaecific reaction is achievsd rapidiy during 
the sncufoation and as a result conjugates 
consisting of the labeiied reaetant, the anaiyte 
and the immofeliteed reactant on the micro- 
sphere surface are formed, commonly called 
•"sandwiches* in the literature. After the incuba- 
tion the suspension is crimed adequately for 
analysing the tndivlduai microspheres ftuororne- 
iricaiiy.Asuitioient numfcer of microspheres are 
analysed and the florescence signais from 
each microsphere are registered in a computer, 

in this Invention high detection sensitivity of 
the fluorescent labeis associated with the 
btospecls'tc reaotams «t the micropartloie sur- 
face is has^d on the us® of long decay time 
ftcorescsnt iabcis e.g. ianfhanide chelates ot 
siirop&m, tmtiom etc as described in more 
detaits for example in the European patent 
application S6SS0172.7. The detection sensitiv- 
ity is improved by reducing the background 
fluorescence with temporal resolute between 
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the excitation and the emission whfcfc is usually 
oalied time-resolved fluorescence detection m 
the literature, a comprehensive review of ess 
most recent developments and the evolution of 
me time~resoiv>m fjuorometry of long d«osy # 
time fitforssoerti iabeis bss been written by 
Soini and LdvgrenfCRC Critical Reviews in 
Analytical Chemistry.vbf, 18, issue 2'198?}LA 
device tor time-resolved fluorescence detection 
typically Incorporates a putsed Ughl source end ~e 
a gated detector. wTsSch is activated after a 
certain delay time from the excitation pufse. 
Thus the short decay time fluorescence or the 
scattering is not registered by Sis detector 
because Its lifetime is much shorter than tits ?s 
time daisy. The detector detects only fcng 
decay time emission wftfch is specific to the 
kmg decay time fluorescent labsi ^ the sample. 

The system relative to Shis invention com- 
bines the features referred to above sod the S8 
objective of this fowsnta is to Identify each 
individual micropafticie repressntlno. different 
analyse categories for the purpose to perform a 
muffamalyts assay i» the same sampia. The 
identification is basso on detection of short gs 
decay time fluorescence as discussed above, frt 
an appropriate measuring system, the short 
decay time and the long decay time fluores- 
cence cm bs eeparate-y detected, h partfcufer, 
when the decay times differ ssverat orders of so 
magnitude (organic fiaorasceni material in the 
nanosecond raogs and lanthanida chelates in 
the microsecond to millisecond range), a strong 
and variable short decay time tSuorascenee 
component makes neojlgibis COnttibusiors to M 
the detection of the ksng decay itooreseenoe 
component. This is the crucial point of this 
invention end the fast decaying fluorescent 
materia! can be used for identification of the 
categories of the micropamciss without any 40 
significant interference to the determination ot 
the anaiyte concentration. 

Microspheres can be manufactured combin- 
ing the polymer material with a suitable short 
decay time fluorescent compound Orgarijc 46 
fluorescent compounds with vary short decay 
time, for example FOPOP, bisMSS etc., cap be 
added to any monomer (as -discussed e.g. in 
Theory and practice of Scintillation Counting*. 
Ed. j,B, BirKs, Porgamon Press, 1867, so 
pp. 321-353) and solid fluorascent materia) is 
formed in polymerisation. The maferiaf is pro- 
cessed info microspheres in the same atop. For 
Sdenfitefion of the microspheres, She short 
decay time organic fluorescent compounds are m 
added into different batches ot the (wtomet in 
substantially different concentrations differing 
e.o. by a factor of two from each other. 

The identification signal is detected simufta- 
neousiy with It® excitation which fasts for at Ins m 
most some microseconds and is aohmanfiaft? 
shorter that; the decay time of the Song decay 
time fluorescent fabei. The conm'bufiors of the 
Song decay time fluorescence labsi So the 
identification sidssi ievsi is very Sow because m 



the photon emission rate of the iong decay time 
ooiinpenent per microsecond is very sow and 
beesyso the identification compound can be 
used in much higher concentrations $m the 
forts, decay ffmeiafosi. 

Yhe^ ao > riaiysare 

it is tomm that ftow cytomaters ;j, stein- 
Ramp, Rov.Sai. instrum. . m ' 0m) 
pp. f 3r5-f4d0) can be used for immunoassays 
arftpipying microspheres as a soiid support 
(P.J. U$i & al., Ciiaica Citiniica Acta, 180 (isas) 
pp. 171.179). in this method antigen-coated or 
sntibedy -coated microspheres (1-50 prn 
diamef erj were allowed to react with the sample 
and with ffuofesoenMabeiied antigen or sntt- 
hoay in any geoenaiiy employed immunoassay 
format, i.e. ocrnpetltive binding, doobfe anti- 
body 'aandvwch", etc, The sospension was 
introduced unwasiwd into a flow eytomefer and 
die microspheres fewed in a narrow stream 
pasi a iaser beam. 

Provided that the cyfemeter simoitarseoosiy 
measured ffoorescetii light and scattered light 
from the microspheres, « was possible to 
measure oniy the microsphere-^ssociated fiuo- 
wacence. Consequert% the special advantage 
of this methodology was that no macroscopic 
separation of bound mi free iaoelfed com- 
pounds were needed. Macroscopic separation 
was circumvented by the ability of the flow 
cytometer to discriminate, at the microscopic 
ievsi. parttofe associated (bound) fluorescence 
from solytiofwtseooiated (tree) tiuofescenca. 
The discrimination was most elficiersf for 1-S p» 
diatneter microspheres, where spheres in a 
highly fluorescent daokgfouod medium and 
spheres in a birffer medium displayed approxi- 
mately the same fluorescent intensity per 
particle. 

A possibility of using fiow cytorneters for 
moitianaiyie isimonoassay has been dlsctissed 
try T.M.McHogh & at.. 4. Immunol. Methods 95 
(1S8f>) pp 57-81 where microspheres of differ- 
ent stees ware used as solid support and the 
identification of microspfiarea associated with 
different anajytes was based on analysing the 
slses of miorospheres. This has been found 
teasihte, because the fiow oytometer can 
accurately detect partiefsa based on size and it 
would be possible to identify a known micro- 
sphere population and to determine the fluores- 
cence without interference- from other size 
microspheres. 

In a fiow cytomafer the concept of temporal 
reso'utkm between short decay time fluores- 
cence and iong decay time fluorescence is, 
however, not based on the use cf the gated 
detector as described above. The temporal 
resolution between the excitation and emission 
can be achieved by high speed movement of 
ttho sampie in felsttot; to the focal points of 
excitation aod detection, in this concept, as 
discussed in more detelis irt the Swedish patent 
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application S3S4434-4, fecal points of 
excitation and amission are separated by a 
entail distance in such a way that the signals 
from scattering and short decay time fluores- 
cence ere not detected b ut the si gnats from any $ 
long decay time fluorescent labai can fee 

- c ed because of their 'after glow* when 
the sample mows at a high speed in relation to 
flte focal points. 

An apparatus incorporating the features to 
discussed above,, can be constructed for 
example as illustrated in Fig . tin this example it 
has been supposed that an europium cheiaie is 
used as a long decay time label am* pqpop is 
used as a short decay time fluorescent sub- to 
stance, i.e. identification substance, Tba excita- 
tion wavelengths of europium chelates and 
PQPQ? are generally in the mm range bet- 
ween 300 nm and SGO nm. The 33? nm 
wavelength emission from a nitrogen isser or 35 
from a xenon fiash iamp is optimal for excita- 
tian. Emission wavelength:, ere $13 nm tor 
europium and around 400 nm for PQPQP. The 
excitation and emission spectra are shown in 

A suspension of micropariietes 1 and a 
sheath fJuid ? 3re moving through a sheath {tow 
nozzle 3 into a trtfn laminar iiow 4, which is first 
illuminated with a fight beam 5 from a continu- 
ous light source 6, for example a HeNe-isssr at so 
& wavelength of 638 1 vtt, ioeu seed to a point 3 in 
the faminarftew4. Apt; oton detector /sensitive 
for 633 nm is focussed to the point 8 and used 
for monitoring the photon scattering from 
randomly incoming mtoropartfdes 1 Each 9$ 
mieroparsteie 1 produces a signal in the detec- 
tor 7 and this signal is used for triggering a flash 
tamp or a pulsed tassr S which is focussed to a 
point 10 in the iaminar flow 4, The poised light 
source 9 is used for excitation of doth fiuorss- 4t> 
cent substances, i.e. the Identification com- 
pound and the lantbanide chelate in the micro- 
particles at a wavelength of 337 nm. The signai 
from the detector 7 also activates a computer 
11. A gated photon detector 12 sensitive tor a 45 
wavelength of 400 nm is tocusaed to the point 

10 and measures the ajmpSifode of the short 
decay time signai from the organic flaorascerjt 
compound of each itocroparticie 1, This ampli- 
tude measure raent is then used for idenhftea- si 
lion of the particle by the computer 11. A 
detector 13 measures the iong decay time 
fluorescence at a wavelength of 814 nm. The 
defector 13 is ioouassd to a point 14 at a smaif 
distance dx downstream from the paint 10. The m 
small distance dx « v - fc, where v is the speed 

of the laminar how 4 and U is a delay time A 
gate 1S is activated for a counting turn h after 
the delay time t* lbs delay time to and the 
counting time t 5 are controlled by the computer $6 

1 1 and are optimized for highest signai •tc-foack- 
ground ratio and depend on the decay time of 
the long decay time fluorescent label, the 
counting speed of the system depends on die 
maximum putee frequency of the putsed tight m 



source S and on the counting time % of the 
signal from fhe long decay time labei. Signals 
from micnoparScies «mteh coincide within a time 
intetvai shorter than the minimum: light pulse 
period, can be eteefronfcafiy rejected. The 
computer 11 Integrates photon signals from 
ntoapattieies separately for each parameter. 
Using appropriate standard samples of each 
anstyle, the system can be calibrated for 
concentration units. 

The choice of long decay time fluorescent 
isbal affects the system parameters of the 
device. A special cars etsouio be taken for she 
leafage of stray tight: from the light source 6 to 
the detector 13. Good optics for focussing, 
optical separation of the points 8 and 14 as wel l 
as gating the detectors redoes the background 
caused by this effect, 

The use of stationary mic-fofiooromefhc 
ana^ssrs. 

The flow cytometric systems are relatively 
expansive and their optical and hydrodynsreic 
systems are mechanically complex and sensi- 
tive. However, the analysis of She rnScropartieies 
can also he performed in a stationary state or in 
a siopped-ffow system and this type of ap- 
proach may be less expensive and more robust. 
The stationary instrument si approach is based 
on the use of microscopic observations of 
micropariicSes in 3 thin cavity into which the 
diiuted microparticle suspension is pumped 
from a reaction tube. The suspension of the 
micropartio'es Is first scanned at a very rapid 
rate and the identification of the microspheres 
as waff as their tocation and determination of 
their analyse categories take place on the basis 
of the detection of short decay time fluores- 
cence, the defection of foe anaiyte concentra- 
tion in the micropartisies takes piaoe measuring 
the etgssi sfrenglh of iong decay time fluores- 
cence A sufficient number of randomly tooaied 
miorepsrticies are ;den;i!ted and anaiyzac! in 
order to obtain a sufficient amount of informa- 
tion for desired statistics} precision. 

The excitation light source can be either e 
putsed light source or a constant fight source. Sf 
using a pulsed light source, each scanned point 
of foe sample is exposed to one or several Sight 
poisss and the detector and the associated 
photon coot ' .5 is yaied for detec- 

tion of both short decay time and long decay 
time fluorescence separately. 

if the constant light source is usees in a 
oonfocal scanning microfluorometry, the con- 
cept of temporal resolution between short 
decay time fluorescence and iong decay time 
fluorescence can be achieved in the following 
manner. The focal points 0; the excitation and 
the emission are separated by a smelt distance 
In such a way that the signals f rom the short 
decay time fluorescence and the signals from 
the iong decay time fluorescent labs! can be 
detected at different times when the excltafion 
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beam mmt at a high speed in relation to the 
sampie. This concept is discussed in more 
detail h the Swedish patent application 
880443<i-4. 

yfcrofiuoromstrtc analysis fss welt as flow $ 
cytometrics can discriminate betwaes ins 
microsphafe-assooiated fluorescence and m\- 
uSon-essadetad florescence, because the 
respeciive concentrations in microscopic 
foe&i point In tr$e d&rted suspension differ many X? 
orders of magnitude. This detection concept 
provides a reasonable separation of the free 
and the bound fractions but if necessary, it can 
be made more efficient using normal separation 
methods (washing, mmion, centrifuqatisn is 
etc.) 

Detection of varioea fluorescence signals can 
be made with an appropriate computer corv- 
troiied automatic video microscope {Video 
Microscopy, ed, Shinya Sooue, Plenum Press, ,&> 
1S86) or with a scanning microscope. The 
scanning microscope cart also he equipped 
with oonfocai opticas systems for excitation and 
emission in order to 'mpesm sensitivity and 
precision, t'GJ. Srstranhof & si., J. Microscopy, ss 
117 {1379} pp. 519-23®}. Merostiye.lv theapw- 
tune can bs setee&d epllmaiiy according to the 
;t ot the micropanfcles and scanning o; 
the fluorescence emission signats can be made 
using an appropriate imaging detector whioh m 
can work in a single photon mode. Such 
detectors can be composed tot exsmote of 
mfcfoohimftei piste image interveners and 
charge coupted imaging devices (CCD) Coarge 
coupled devices can be gated for the pttfpose 3$ 
of time resolved operation in order to disorimi- 
nete between shci decay time fiuonsscenee 
and long decay time fhroreeoencs (see Video 
Microscopy, ad Shinya inoue'}, Analysis of ins 




trsSoo oi labeled reaciants not bound to the 
microspheres, 

exerting both the fluorescent substance having 
* short decay time and the fluorescent com- 
pound having a teg decay tiros, associated 
with the microspheres, to' generate fluores- 
cence emissions, 

converting the floornscence emissions to elec- 
trical signals, identifying the category si each 
microsphere op the basis of the strength of the 
efcctricei signal resulting from the short decay 
time tiuorescent substencs, 
measuring the concentration oi the analyse on 
each microsphere on the basis of the .strength 
of the electrical signet reselling from the long 
decay time fluorescent compound. 
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Biospecili:; muttfenaiyte assay method, char- 
acterized by preparing categorise ot micro- 
spheres representing different anatytes to nc &? 
assayed, said categories nomprisico. different 
amounts oi a fluorescent substance having a 
short decay time, coating each category of 
microspheres with a biospecifse reaclant, 
pooling the different categories of micro- m 
spheres together in a suspension, 
adding & sample containing. a;mlyte§ to he 
assayed to the suspension, 
adding a mature oi feiospeetfic reaci&nts Sa- 
tisfied wish a ftuorescent ccrnpound having e m 
Song decay time to the suspension to initiate 
Oiospseiftc reactions oeiwsen the analytes and 
the iabniled n pbsns-assocs- 
atad r;;actants, 

diluting the suspension to reduce the eofisert- 
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